The materials released from myofibrils by Ca2 +-activated factor (CAF) were fractionated by using a combination of Sepharose 6B and Bio-gel A 50m columns. To investigate the exact constituents of Z-disks on the basis of success or failure of reconstitution of Z-disks, reconstitution of Z-disks by incubating individual fractions with Z-disk-extracted fiber bundles was carried out, and the proteins in each fraction were analyzed by sodium dodecyl sulfate (SDS)-polyacrylamide
gel electrophoresis. From the electron micrographs of the reconstituted Z-disks, SDS-polyacrylamide gel electrophoretic analysis and amino acid analysis of the isolated proteins from the gels, it was clear that the proteins required for the reconstitution of the Z-disk, in other words, the principal constituents of the Z-disk, were Z-nin, a new high molecular weight protein having a subunit molecular weight of 300,000~400,000 dalton mentioned in this report, a-actinin and tropomyosin.
In our previous reports,1?2) to investigate the "xact protein composition of Z-disk, were described reconstitutions of Z-disk by incubating proteins released from myofibrils by Ca2 +activated factor (CAF) with Z-disk-extracted fiber bundles. From electron micrograph of the Z-disk reconstituted and sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis, the proteins required for reconstitution of Z-disk, in other words, the principal constituents of Z-disk were presumed to be aactinin, tropomyosin and unidentified protein having large molecular weight. 2) This paper describes further fractionation of the fraction containing three proteins mentioned above, reconstitution of Z-disk by in- Lyophilized materials were resolved and dialyzed by the procedure described in the previous paper,1} and subjected to reconstitution of Z-disk.
Preparation of Z-disk-extracted fiber bundles. Rabbit psoas muscle prepared immediately after death was glycerinated in the usual manner for 60~80 weeks, and the Zdisks were extracted for 12 days with a solution of 2mM Tris-HCl (pH 7.6) and 1him dithiothreitol (DTT) as described by Stromer et al.4) Reconstitution of Z-disk. The Z-disk-extracted fiber bundles were incubated for 72hr with the materials in each fraction at 0°C in 100mM KC1, 2mM Tris-HCl (pH 7.6), lmM DTT, 2.5mM Ca2+ and 1mM NaN3. After incubation, the fiber bundles were washed with the same solution without protein and fixed for electron microscopic examination.
Electron microscopy. Electron microscopic observation was carried out by the method described in the previous paper.1] Specimens were examined with Hitachi H-300 electron microscope operated at 75 kV.
Polyaerylamide gel electrophoresis. Polyacrylamide gel electrophoresis
in the presence of 0.1% SDS was conducted by the procedures described by Weber and Osborn.5) The electrophoresis was performed for 3.5 hr at 8mA per gel on 8cm gels containing 5% polyacrylamide. An Ozumur densitometer with a 610nm filter was used to scan the destained gels. Reconstitution was carried out by incubating the materials in Fraction A-C (0.531 mg/ml) with 3~4 pieces of Z-disk-extracted fiber bundles (0.1 x 10mm)under the same conditions as specified for Fig. 3 . ( x 15,000) stitution of Z-disk were distributed to Fraction A-C. Fraction A-C consisted principally of proteins having subunit molecular weights near 300,000-400,000 (S-l), 100,000 (S-2) and 34,000 (S-3) daltons.
Amino acid composition ofproteins S-l~S-3
Star diagrams of the amino acid composition of the isolated proteins S-l-S-3 and total number of amino acids of the protein S-l that was standardized at 1000 residues are shown in Figs. 8-10 and Table I . In each figure, star diagrams of the amino acid composition of the proteins indispensable for identifying the isolated proteins with known myofibrillar proteins, i.e. titin and connectin (Fig. 8 ), a-actinin ( Fig. 9 ) and tropomyosin ( Fig. 10) , are also shown. As shown in Fig. 8 protein S-l is clearly different from titin or connectin. The most remarkable differences were that protein S-l had lower amount of proline content than that of titin or connectin, as well as lower contents of lysine and arginine. As shown in Figs. 9 and 10 , amino acid compositions of proteins S-2 and S-3 seem to be close to the compositions of a-actinin and tropomyosin, respectively.
Higher contents of serine and glycine ofproteins S-2 and S-3 may be derived from polyaerylamide gels. A slight difference of the star diagram of the tropomyosin isolated from the gels ( Fig. 10-b ) from other two diagrams seems to be due to some contaminants of troponin T. SDS-polyacrylamide gel as compared with titin is another line of evidence that protein S-l is different from titin. Fromthe results obtained in this report, protein S-l having subunit molecular weight 300,000-400,000 dalton is a new high molecular weight protein different from myofibrillar proteins reported up to now and is indispensable for the reconstitution of Z-disk.
Mobility
To indicate these, we have named the protein Z-nin.
DISCUSSION
Our previous papers1 '2) described the reconstitution of Z-disk by incubating some pro-teins released from myofibrils by CAFwith Zdisk-extracted fiber bundles. From electron micrograph of the Z-disk reconstituted and SDS-polyacrylamide gel electrophoresis, it was indicated that the proteins in Fraction A eluted first from 6% agarose column were essential for the reconstitution of Z-disk. In this paper, the proteins in Fraction A were further fractionated by using Bio-gel A 50m column and reconstitution of Z-disk by incubating individual fractions with Z-diskextracted fiber bundles were carried. The results obtained indicated that the proteins in Fraction A-C ( Fig. 1 ) have bound to Z-disk region in the Z-disk-extracted fiber bundles and Z-disk extracted from myofibrils with a low ionic strength solution has been almost completely reconstituted. As shown in the SDS-polyacrylamide gel electrophoretic patterns, Fraction A-C consisted principally of proteins having subunit molecular weights near 300,000-400,000, 100,000 and 34,000 daltons. We tentatively named these proteins S-l, S-2 and S-3, respectively. To identify these proteins, stained proteins were extracted from gels, hydrolyzed and subjected to amino acid analysis. The presence of high molecular weight proteins including protein S-l in the Z-disk region has been suggested by many workers.2'8~n) Especially, titin10) and connectin11} are representative because of their higher contents in myofibrils, and the possibility that titin was identical with connectin was suggested by Maruyaman)and Maruyamaet al}2) So it is very important to study whether protein S-l is identical with titin or connectin, or not. Amino acid analysis and SDS-polyacrylamide gel electrophoretic analysis showed clearly that protein S-l was different from titin or connectin. And protein S-l was easily solubilized from myofibrils by CAF, whereas connecting has not yet been obtained in nondenaturing reagent. Fromthese results, protein S-l seems to be a new high molecular weight protein different from myofibrillar proteins reported up to now. Judging from the yield of the proteins in Fraction A-C and densitometric scan of the gel A-C, yield of the protein S-l is estimated to be about 2-4mg from lOOOmg of myofibrils.
Consequently, allowing for preparative losses of 50%, rabbit skeletal muscle seems to contain 0.4~0.8% of its myofibrillar protein as protein S-l. This is slightly lower than the amount of a-actinin contained in the muscle.13>14) The success or failure of the reconstitution of Z-disk depends on the presence or absence of this newprotein S-l. Recently, Sainsbury and Bullard22) reported the presence of a new proline-rich protein having same subunit molecular weight with tropomyosin in insect Z-disk and indicated that most of the preceding evidence for tropomyosin as a Z-disk constituent was based on the identification of tropomyosin by its subunit weight obtained from SDS-polyacrylamide gel electrophoresis.
However, protein S-3 in this report is identical with tropomyosin on the basis of amino acid analysis in addition to the subunit molecular weight, and proline content of the protein S-3 is quite lower as compared with the new protein reported by Sainsbury and Bullard.22) The difference in the amino acid composition of the protein having same subunit molecular weight in Z-disk protein may be due to the difference between insect and vertebrate muscles. Our result presents a newevidence that tropomyosin is a constituent of Z-disk. From electron micrograph of Z-disk reconstituted, SDS-polyacrylamide gel electrophoresis and amino acid analysis of the isolated proteins, the proteins required for the reconstitution of Z-disk, in other words, the principal constituents of Z-disk are Z-nin, a new high molecular weight protein named in this report, a-actinin and tropomyosin. In addition to the principal proteins proposed in this report, proteins easily digested by CAF such as desmin23'24) and other proteins such as 55,000 dalton protein,25) synemin,26) eu-actinin27) and 220,000 dalton protein28) can be counted for the constituents of Z-disk. Further study of the Z-disk constituents including Znin is nowunder wayin our laboratory.
